We demonstrate a front-end of an Yb-based passively CEP-stable, two-octave wide, two-channel optical parametric synthesizer driven by slightly sub-picosecond pump pulses from a multi-mJ regenerative amplifier at 1 kHz.
Introduction
Generation of attosecond pulse transients via high harmonic generation (HHG) allows characterization of atomic or interatomic transitions in sub-femtosecond time scale. The coherent pulse synthesis of high-energy, few-cycle pulses is one of the most promising methods to generate efficiently isolated attosecond pulses from XUV to soft X-ray spectral region because of its flexibility in spectral shaping and scalability in spectrum and energy [1] [2] [3] [4] . Carrier envelope phase (CEP) stability of the driving pulsed light source is one of the key ingredients because HHG is driven by the electric field. The CEP stability can be achieved via either active stabilization [2] , requiring several feedback loops increasing the system complexity or passive CEP stabilization [3] [4] [5] .
Previously, we made great strides with passively CEP stabilized synthesizers pumped by Ti:Sapphire laser technology [3, 4] and we are pursuing average power scaling with Yb-based pump technology. In this particular study, we demonstrate the front-end of such a parametric synthesizer, which comprises two-octave, passively CEP stable, two-channel optical parametric amplifiers (OPAs) driven by sub-picosecond pulses [6] from an Yb-based multi-mJ regenerative amplifier. The seed source of the OPAs is a passively CEP stable front-end based on whitelight supercontinuum generation in bulk [7] . Fig. 1 shows the simplified schematic of the experimental scheme comprising the CEP stable seed source and two parallel OPA channels driven by a high-energy Yb:KYW regenerative-amplifier, delivering 700 fs at 1 kHz [6] . An attenuator consisting of a thin-film polarizer (TFP) and a half-wave plate (λ/2) is implemented to split the output of the pump laser. 1.35-mJ uncompressed output of the regenerative amplifier is reserved for further amplification in a booster stage, which will be used for pumping follow-on OPA stages. 0.65 mJ of the compressed output is used to drive the CEP stable seed source [7] . Furthermore, 1.5 mJ of the pump is doubled inside 1.5 mm BBO (X6) to pump the near infrared noncollinear OPA channel (NOPA) and the remaining 1.2 mJ is driving a degenerate OPA (DOPA) in mid-infrared. The CEP stable seed source consists of two white-light continua (WL1 and WL2), two OPAs (OPA1 and OPA2) and one second-harmonic generation stage (SHG1). The first white-light is generated in a 10-mm long YAG crystal X1, then a spectral bandwidth of 45 nm (FWHM) centered at 1.75 µm is amplified to 45 µJ through two OPA stages in BBO (X2 and X3). Then 18 µJ passively CEP stable idler of the second OPA centered at 2.45 µm is doubled in 3-mm BBO crystal (X4) and used to generate white-light super-continuum in a 2 mm YAG crystal (X5). The white-light continuum is split with a dichroic mirror (DM) to seed the NOPA and DOPA channels. The nearinfrared part is amplified with an OPA in a 3-mm long BBO (X7). Meanwhile, the mid-infrared part is amplified in 4-mm long BBO (X8). Fig. 2 (a) shows the amplified spectra of the signal and idler resulting from the second OPA stage in the CEP-stable seed source and the spectrum of the second harmonic of the idler, which is driving the second white-light continuum. The pulse-to-pulse energy stability of the idler in the second OPA stage is measured to be less than 1 %, which results in very low CEP fluctuations. This was proven in our previous study with a similar configuration [7] . The signal spectrum is centered at 1.75 µm with a spectral bandwidth of 45 nm (FWHM) and pulse duration of 225 fs, while the idler spectrum has 63-nm bandwidth at 2.45 µm. The second harmonic of the idler is centered at 1.225 µm with 13-nm bandwidth. Fig. 2 (b) shows the spectra of both NOPA and DOPA channels. The NOPA channel is covering the spectral region of 650-940 nm and producing 1.6-µJ pulses with 24-µJ pump at 515 nm in a single stage. The pump intensity is estimated to be 88 GW/cm 2 . The mid-infrared channel is producing 1-µJ pulses in the spectral region of 1.8-2.5 µm at the pumping level of 105 µJ corresponding intensity of 129 GW/cm 2 . No additional stretching is required before both OPAs to match the pulse durations of seed and pump because of the spectral chip originating from CEP stable seed source. 
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In summary, we demonstrate a passively CEP stable two-octave wide pulsed light source with µJ energy levels. Our current aim is to scale up the energy with further OPA stages with the remaining pump, compress them in time, and combine them coherently to get sub-cycle pulses. This is ideal for a two-octave wide optical waveform synthesizer with high-energy and high repetition rate.
